Croup, or laryngotracheobronchitis, is generally thought to be a common, short-term and self-limiting illness in children; respiratory distress requires hospitalization only in 1.3-2.6% of cases [1] , and less than 1% develop severe croup [2] . Here, we describe a 5-year-old boy with recurrent croup and postobstructive pulmonary edema (POPE). The rapid resolution of his illness, its differential diagnosis, and effective treatment are also discussed.
CASE PRESENTATION
A previously healthy 5-year-old boy developed acute dyspnea in the middle of the night and was sent to our emergency room within a few minutes. He had no history of fever or other illness, but a 2-day history of cough. In the emergency room, he was noted to be slightly drowsy, with a pulse rate of 120 beats/ min, respiratory rate of 40 breaths/min, blood pressure of 116/44 mmHg, temperature of 36.8°C, and pulse oximetry of 44% in room air. Physical examination revealed a child who was slowly responsive to verbal commands. Breath sound was coarse. He had the typical symptoms of croup, including inspiratory stridor, barking cough, subcostal retractions, and a hoarse voice. He was given oxygen via a non-rebreathing mask immediately and treated with nebulized epinephrine, inhaled budesonide and intravenous methylprednisolone (0.6 mg/kg). Intubation was not attempted by the doctor on duty because the boy's pulse oximetry increased to 96% and consciousness recovered within several minutes.
Initial venous blood gas analysis revealed: pH 6.93; partial pressure of arterial carbon dioxide, 83.8 mmHg; partial pressure of arterial oxygen, 23.4 mmHg; HCO 3 -, 18.8 mmol/L; and base excess, − 16.5 mmol/L. Routine blood analysis showed leukocytosis (24.6 × 10 9 /L) with 37.8% neutrophils and mildly elevated C-reactive protein (14 mg/L). Chest radiography showed bilateral alveolar infiltrates in both upper lung fields ( Figure 1) .
Treatment was continued with nebulized epinephrine (0.3 mL every 4 hours) and inhaled budesonide (0.25 mg every 12 hours), and antibiotic coverage with cefuroxime was initiated after he was admitted to the pediatric intensive care unit. Arterial blood gas analysis at 2 hours after the initial analysis showed: pH 7.26; partial pressure of arterial carbon dioxide, 62 mmHg; partial pressure of arterial oxygen, 58 mmHg; HCO 3 -, 27.8 mmol/L; and base excess, − 0.2 mmol/L. Repeat chest radiography at 12 hours after the initial examination showed dramatic resolution of alveolar infiltrates ( Figure 2 ). Echocardiography revealed normal cardiac function without cardiac anatomical defects. The possibility of upper airway obstruction or foreign body aspiration was considered, therefore, flexible tracheobronchoscopy was arranged and no foreign body was noted, but adenoid hyperplasia was present.
Further history taking revealed that the patient had an episode of croup with respiratory distress 2 months previously. His parents also mentioned that the child had been snoring for 1 year, but they had never noted apnea. Subsequent polysomnography of the patient was normal. He was discharged in a stable condition.
DISCUSSION
The hallmark of croup is subglottic edema that results in varying degrees of airway obstruction. POPE, also named negative pressure pulmonary edema, was first described in 1973 [3] . It is a life-threatening condition that results from a sudden, severe episode of upper airway obstruction (type I), or after surgical relief of chronic upper airway obstruction (type II) [4, 5] . The incidence of type I POPE in patients with upper airway obstruction is reported to be 7-12% [6] ; the incidence of type II POPE in anesthetic patients is reported to be 0.05-0.1% [7] . The true frequency of type I POPE following croup is not known.
POPE develops when excessive negative intrathoracic pressure is generated by forced inspiration against a closed glottis or obstructed airway [8] . This leads to an increase in venous return to the right heart, which increases pulmonary venous pressure. The increase in pulmonary venous pressure creates a hydrostatic transpulmonary gradient with fluid moving from the pulmonary veins to the interstitial space.
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Figure 1. Chest radiographs demonstrating (A) alveolar infiltrates in both upper lung fields and (B) steeple sign in a 5-year-old boy with acute dyspnea.
Figure 2. Chest radiograph taken 12 hours after initial examination. The radiograph was normal, and there had been rapid resolution of the alveolar infiltrates.
At the same time, low cardiac output might increase afterload. The combination of increased preload and afterload results in a marked increase in hydrostatic pressure in the pulmonary vasculature [9] . The increased hydrostatic pressure changes Starling's force and leads to pulmonary edema. Besides, an acute upper airway obstructive event can lead to severe hypoxia. Severe hypoxia can cause hypoxic pulmonary vasoconstriction, which can lead to hypoxic pulmonary hypertension and right heart failure [10] . Fortunately, the echocardiogram in our patient was normal. The manifestations of POPE include: (1) signs of upper airway obstruction, such as drooling, hoarseness, stridor, and retractions; and (2) signs of pulmonary edema, such as hypoxemia, frothy sputum (not shown in our patient), and bilateral alveolar infiltrates in upper lung fields on chest radiography. POPE usually occurs within minutes and resolves rapidly within 12-24 hours [5, 9, 11, 12] . Accordingly, our case described above had type I POPE. The common causes of type I POPE include epiglottitis, croup, foreign body aspiration and angioedema [7, 9] . In our case, epiglottitis and foreign body aspiration could be excluded by the rapid resolution and flexible tracheobronchoscopy. Because of the history of prior respiratory tract infection and the typical symptoms of croup, our patient was diagnosed with croup-induced type I POPE. However, angioedema still cannot be ruled out, although no skin rash was noted on this patient.
On further consideration of this history of POPE and recurrent croup, we thought that obstructive sleep apnea syndrome (OSAS) might be a factor, given the occurrence of two episodes of respiratory distress at night, a 1-year history of snoring, and adenoid hypertrophy. Our decision to include OSAS in the differential diagnosis was supported by a case report of a previously healthy child with OSAS who developed POPE [13] . In addition, in a study of dogs, recurrent obstructive apnea over an 8-hour period was noted to cause lung edema and deterioration in gas exchange [14] . Fortunately, our patient had normal polysomnography and there was no recurrence of nighttime respiratory distress thereafter. To the best of our knowledge, this is the first report that suggests the need to differentiate OSAS from recurrent croup, which might precipitate POPE, but further studies are warranted.
The treatment of POPE involves early recognition, supportive therapy such as oxygen supplementation by facemask or mechanical ventilation, and treatment of the underlying disease [5, 11] . The use of diuretics in POPE is controversial [11] . As for the treatment of croup, nebulized epinephrine and corticosteroids are the mainstay in relief of airway obstruction [2, 15] .
In summary, although croup is generally thought to be a benign condition, some cases might develop into POPE. Pediatricians should be alert to this lifethreatening and easily misdiagnosed condition. 
